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Abstract. The problem related to project assignment problem is one of popular practical problem that appear nowadays. 
The challenge of solving the problem raise whenever the complexity related to preferences, the existence of real-world 
constraints and problem size increased. This study focuses on solving a chambering student-case assignment problem by 
using a simulated annealing algorithm where this problem is classified under project assignment problem. The project 
assignment problem is considered as hard combinatorial optimization problem and solving it using a metaheuristic 
approach is an advantage because it could return a good solution in a reasonable time. The problem of assigning 
chambering students to cases has never been addressed in the literature before. For the proposed problem, it is essential 
for law graduates to peruse in chambers before they are qualified to become legal counselor. Thus, assigning the 
chambering students to cases is a critically needed especially when involving many preferences. Hence, this study 
presents a preliminary study of the proposed project assignment problem. The objective of the study is to minimize the 
total completion time for all students in solving the given cases. This study employed a minimum cost greedy heuristic in 
order to construct a feasible initial solution. The search then is preceded with a simulated annealing algorithm for further 
improvement of solution quality. The analysis of the obtained result has shown that the proposed simulated annealing 
algorithm has greatly improved the solution constructed by the minimum cost greedy heuristic. Hence, this research has 






In Malaysia, it is an essential for law graduates to peruse in chambers (it is also known as chambering), which is 
a type of apprenticeship like a pupilage in England [1]. The chambering process took about nine months and after 
the stage the student may finally be called to the bar and turn into a qualified legal counselor. During the chambering 
stage, many experiences are gathered by the law graduates from their mentor to provide them with valuable 
guidance on their development as a lawyer. This includes handling a number of real client’s cases. Usually, a case is 
assigned to at most one student. However, in some cases assigning a single case to more than one student is also 
acceptable and this is considered as group case. On the other hand, the total number of cases available must not 
more than the total number of students. Since there will be many cases to be received by clients, then assigning a 
student to many cases is also acceptable.  
Some other constraints may involve such as the maximum number of students in handling a case and maximum 
number of cases that can be handled by certain student. It is known that the complexity of the problem would 
increase whenever the number of students and cases arise and various preferences are considered. The problem of 
assigning students to cases is also known as Student-Project Allocation Problem [2, 3] or Project Assignment 
Problem [4]. This paper refers this problem as Project Assignment Problem. 
This paper embarks on solving a chambering student-case assignment problem at a law firm by using simulated 
annealing algorithm. The problem of assigning chambering students to cases has never been addressed in the 
literature and this paper presents on the preliminary study of proposed project assignment problem. The objective is 
to minimize the total completion time for all students in solving the cases. A minimum cost greedy heuristic is 
introduced to construct a feasible initial solution. The search continues by feeding up the constructed initial solution 
into Simulated Annealing algorithm (SA) for further improvement of solution quality. The result shows that SA can 
greatly improve the solution constructed by the minimum cost greedy heuristic. This clearly demonstrates the 
advantages of solving combinatorial optimization problem by using metaheuristic techniques.  
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In Section 2, we briefly explained on the project assignment problem, it formulations and previous proposed 
approaches. Section 3 presents the proposed minimum cost greedy heuristic and simulated annealing algorithm as 
solution methodology. Section 4 describes the experimental results and discussion. Finally, the conclusion is 
provided in Section 5. 
 
THE PROJECT ASSIGNMENT PROBLEM 
 
The assignment problem has been cited numerously as one of the fundamental for the combinatorial optimization 
problems under the branches of optimization or operations research. The assignment problem is a well-known 
problem discussed in the literature with various types of applications. One of the applications of the assignment 
problem is within educational activities. Examples of such applications are exam-timeslot-room assignment of 
examination timetabling problem [5], classroom assignment problem [6], teacher assignment problem [7] and course 
assignment problem [8]. The project assignment problem is also categorized under this type of application. The 
project assignment problem is defined as a process of assigning students to cases, where this problem is classified as 
one type of combinatorial optimization problem and is considered as NP-hard [4]. The project assignment problem 
is categorized as a special case of the generalized assignment problem and is similar in nature to matching problems 
[9].  
Assignment problems manage the inquiry on how to assign n objects to m other objects in the best possible way. 
An assignment problem is totally specified based on two components which are the assignments and objective 
function. The assignment represents the underlying combinatorial structure, while the objective function is a 
function that needs to be optimized as much as possible. From the mathematical point of view [4], an assignment is 
a bijective mapping of a finite set N = {1, 2,… n} into itself, i.e. a permutation  assigning some j = (i) to each I  
N. The set of all permutations (assignments) of n items is denoted by Sn and has n! elements. Each permutation  of 
the set N = {1,… n} corresponds uniquely to a permutation X  = (xij) with xij =1 for j = (i) and xij = 0 for j ≠ (i). 
Thus, a permutation matrix X = (xij) can be defined as a matrix. In this study, a problem with m = n assignment is 
considered. The mathematical formulation for assignment problems is as follows: 











ijx 1   i = 1, 2,….., m   Agents                                                                                  (2) 
  
nj
ijx 1  j = 1, 2,…..., n   Tasks                                                                                  (3) 
  0ijx   for i, j  m, n                                                                                                 (4) 
 
The student-project allocation problem is also known as project assignment problem [4] where it related with 
assigning a person to particular project based on preference or interest of student and lecturer. The proposed 
problem is a generalization of the traditional Hospitals/ Residents problem with the aim to match the graduating 
medical students to their first hospital posts in various countries annually [10]. 
In [2], the student-project allocation problem was solved while seeking a stable matching of students to projects, 
with respects to the preferences of students and lecturers and capacity constraints. The initial stage of their research 
is the process of defining the set S of students, a set P of projects, and a set L of lecturers. The finding of this 
research revealed that the higher the number of constraints and its relative importance, the harder it is to produce 
with the best solution. The process includes a complex coding and implementation of the algorithm. In a study by 
[3], preferences of students over projects and lecturers over students were considered in generating assignment. An 
algorithm of linear-time was proposed for finding a student-project stable matching where stability is defined as a 
natural stability generalization in order to construct an optimal and stable matching for both students and lecturers.  
Besides that, other research regarding allocation of project to students was done by Harper, Senna, Vieira and 
Shahani [4]. The study proposed a genetic algorithm as a methodology for solving project assignment problem 
where it was adopted from [11] in order to produce a group of potential solutions and feasibility and optimality were 
then enhanced at the same time. Data was collected from survey of students at the University of Southampton. In 
addition, previous research in [12] employed both genetic algorithm and simulated annealing to solve the 
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generalized Assignment problem of N men to M jobs. A specific encoding scheme was utilized together with 
Partially Matched Crossover (PMX) while solving the problem through genetic algorithm. In simulated annealing 
system, an exponential cooling schedule in view of Newtonian cooling procedure was utilized and experimentation 
was done on choosing the number of iterations. For this research C language was used to develop the source code 
and it is compiled in GCC.  A few runs have been taken and the outcomes acquired from both the systems have been 
tabulated and compared against the outcomes got by coding in AMPL. 
Simulated Annealing is known to show great success in solving combinatorial optimization problem ([4], [13], 
[14]). It was originally developed by Kirkpatrik, Gelatt and Vecchi [15]. Simulated annealing employs the concept 
of annealing material in metallurgy. This approach has become a popular local search approach because of the 
simplicity and easy to understand. It employs the probability concept during the search. The search of simulated 
annealing algorithm can move the current solution to a randomly selected neighbouring solution towards the global 
optimum. The probability is calculated based on temperature change that declines monotically at each of iteration. 
The simulated annealing algorithm follows the preset cooling schedule that involves the starting temperature, ending 
temperature, temperature decrement and number of iteration at each temperature. In this approach, starting at a very 
high temperature is employed as to let more acceptances to the solution quality. While the temperature decreases 
slowly, the worsening moves are rejected more as it will direct the search to global optimum.  
The success of this approach in solving combinatorial optimization problem especially related with assignment 
problem has drawn an attention of this research to be proceeded with this approach. A basic simulated annealing 
approach is proposed as an initial test in solving a chambering student-case assignment problem at a law firm. 
 
 
A project assignment problem: a case study at a law firm 
 
Chambering student-case assignment problem at a law firm is taken as a case study. Current practice of 
assignment of chambering student to case is done randomly and no specific requirements or preferences have been 
taken into consideration. As so far, there are many cases that need to be handled by the chambering students and 
usually the total number of days required is very long since the assignment of the chambering student to case is done 
randomly and manually. The assignment is without acknowledging the students’ expertise, experience and ability in 
handling certain cases. By knowing the students’ preferences and expertise, the processing time of handling cases 
could be reduced. Since the company’s aim is to minimize the total number of days in completing all cases, thus a 
suitable approach is proposed in order to make a proper assignment. Hence, this study proposed a simulated 





In this section, a minimum cost greedy heuristic and simulated annealing with algorithmic details for solving 
chambering student-case assignment problem are presented. A minimum cost greedy heuristic is a constructive 
heuristic that make an assignment based on minimum assignment cost. In the case of this problem, the cost is 
considered as student completion time when handling a certain case. The basic assumption is that the case with 
minimum completion time is chosen as an assignment for a student with the hope that it will minimize the overall 
completion time of all cases. The larger completion time is ignored for later assignment. The pseudocode of 
minimum cost greedy heuristic is presented in Algorithm 1.  
The constructed solution in the constructive phase using minimum cost greedy heuristic will be forwarded into 
the next stage which is improvement phase. As mentioned earlier, this study employed simulated annealing 
algorithm as a methodology for improving the solution obtained in the constructive phase. The pseudocode of 
simulated annealing algorithm is presented in Algorithm 2. The initial temperature, tempmax is set as 100, while the 
number of iteration, iterationmax is 1000 iteration with an alpha value, alpha of 0.8. All of these values are defined 
based on some previous initial tests. The neighborhood used in the study is by swapping two cases between two 
students. The best solution from the iteration is the minimum time spent to complete all the cases.  
Based on Algorithm 2, the iterative search process starts with creating neighborhood solution and calculating the 
current temperature based on tempmax and alpha. The temperature is set to be decreased in every 5 iteration. The cost 
of new solution is compared with the cost of current solution. If it has improvement to the solution quality then the 
new solution is accepted as current solution and if it is better than Sbest then it is accepted as new Sbest. In the case of 
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no improvement is found then a calculation is performed to check whether the new solution should be accepted or 
































ALGORITHM 2.  Pseudo-code for simulated annealing algorithm 
 
 
The data is provided in the form of Preference Matrix, where the values are the number of days spent for each 
student to solve their respective cases. The range of days spent is between 1 to 100 working days. Number of cases 





In this section, the result from the proposed algorithm is presented. The experiment was run 10 times in order to 
produce best solution quality values for comparison. Each of the 10 runs able to produce feasible solution. The 
program was coded in Microsoft Visual C++. Table (1) shows the solution quality obtained from the 10 runs. It can 
be seen that the result of the first run obtained the best solution quality. This solution was improved by the simulated 
annealing. 
  
TABLE (1). The quality of the solution for ten runs. 
 Run 1 2 3 4 5 6 7 8 9 10 Best solution 
Solution 
quality 724 750 740 776 751 742 751 746 753 773 724 
 
Identify the parameter value: ProblemSize, iterationmax, tempmax, alpha 
Scurrent  CreateInitialSolution(ProblemSize) using minimum cost greedy heuristic. 
Sbest   Scurrent 
For i = 1: iterationmax 
    Si  CreateNeighborSolution(Scurrent) 
    tempcurr  CalculateTemperature(i, tempmax, alpha) 
    If (Cost(Si) ≤ Cost(Scurrent)) 
        Scurrent  Si 
        If (Cost(Si) ≤ Cost(Sbest)) 
            Sbest  Si 
        End 
    ElseIf (Exp((Cost(Scurrent)- Cost(Si))/ tempcurr) > Rand()) 
        Scurrent  Si 
    End 
End 
Return (Sbest) 
Calculate the total number of students involved, m. 
Calculate the total number of cases, n. 
Create a matrix of m x n dimensions, Preference Matrix. 
For i = 1: m 
   For j = 1: n 
a. Find the minimum cost of assignment of case j. 
b. If case j has minimum cost and not being assigned yet, then 
bestCase  case j. 
   End for 
   Assign student i to bestCase. 
   Reset bestCase. 
End for 
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Analysis on the construction and improvement phase of the first runs shows that there is more than 10% 
improvement when compared with the constructed solution in the initial solution stage. As shown in Table (2), the 
total time spent for all the students to solve their case is 806 days. In other words, the average time spent for each 
student to solve their respective case is 40.3 days. Referring to the improved solution, the total time spent for all 
students to solve their case is 724 days with an average time spent for each student to solve their respective case is 
36.2 days. Hence, this study has shown that the Simulated Annealing can improve the constructed solution in the 
initial solution stage by reducing the total time spent by 82 days from the current solution. 
 
 
TABLE (2). Analysis on the construction and improvement phase of the first runs 
Solution quality of 
construction phase 
Solution quality of 
improvement phase 
% difference 
806 724 10.2 
 
 
CONCLUSION AND FUTURE WORK 
 
This study focuses on solving a chambering student-case assignment problem by using a simulated annealing 
algorithm. This problem is categorized under project assignment problem where this problem is considered as hard 
combinatorial optimization problem. Studies have shown that using metaheuristic approach as a solution 
methodology for the problem is an advantage because good solution could be obtained in reasonable time. As far as 
we concern, the problem of assigning chambering students to cases has never been addressed in the literature before. 
Thus this study presents a preliminary study of proposed project assignment problem. The objective of the study is 
to minimize the total completion time for all students in solving the given particular cases. In order to solve this 
problem, a minimum cost greedy heuristic is employed to construct a feasible initial solution. The solution obtained 
in the constructive phase is then preceded with simulated annealing algorithm for further improvement of solution 
quality. The obtained result shows that simulated annealing algorithm can greatly improve the solution constructed 
by the minimum cost greedy heuristic. Hence, solving a project assignment problem by using metaheuristic 
techniques is an advantage for obtaining good solution quality in a shorter time. For future work, more type 
preferences from the students and mentors who own the cases could be considered. In addition, more realistic 
constraints could be deliberated to reflect real-world case of this unique project assignment problem and the 
proposed simulated annealing algorithm could be enhanced in order to cater the complexity the proposed problem. 
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